The amplitude of the pulmonic component of the second sound in aortic stenosis was studied in 49 patients with this lesion. As controls, 50 normal subjects were also studied. Both groups were investigated by phonocardiography, apex cardiography and arterial tracings. Nineteen patients with aortic stenosis and four subjects without it were also studied by cardiac catheterization and angiography. The amplitudes of the two components of the second sound were compared, and the ratio of each with the amplitude of the first sound was determined. The ratios of both the aortic and the pulmonic component to that of the first sound were decreased in aortic stenosis, and the decrease of the pulmonic component was comparable to that of the aortic component. These findings could be related to prolongation of the isovolumic relaxation period of both ventricles cused by an influence of the left ventricle on the right, most likely due to functional changes of the interventricular septum.
Top: carotid tracing: slow half rise; marked shudder. Below: PCG recorded at 2 R with 100Hz filter. Reversed splitting of the second sound with small P and A components. Long, diamondshaped systolic murmur with late peak. Center: PCG recorded at apex with 100Hz filter. The murmur is similar; the A component is very small. There is a third sound. Bottom: ECG.
B: 50-year-old female with mild stenosis (LV-Ao gradient=25mmHg. Aortic valve area=1.46cm2).
Top: ECG. Center: PCG recorded at 3L with 100Hz filter. Smaller and shorter, diamond-shaped systolic murmur with center peak. Normal splitting of the second sound with small A component and minimal P component. Bottom: Carotid tracing with rapid half rise and small shudder. 
DISCUSSION
A small aortic component of the second sound in the phonocardiographic tracing has been considered typical of valvular aortic stenosis for a long time3)-5), a delayed aortic component has also been observed. The causes for these changes were revealed by the physiologic studies of Kusukawa et al. 6 ) and Sabbah and Stein7) and were analyzed in catheterized patients by Kumar and Luisada.8) Less known is the fact that a decrease of the pulmonary component of the second sound is also commonly observed. This fact has not been the object of special studies and has received, so far, no explanation.
The use of the ratios between the amplitude of the two sounds in order to document a decrease of the amplitude of the second sound is justified by the fact that left ventricular hypertrophy, left bundle branch block (present in five of our patients), myocardial ischemia and/or old myocardial infarct (present in 28 patients), left ventricular failure (present in 4 patients) were all factors able to decrease the first heart sound of our patients in comparison with normal controls. Thus, whenever the ratios IIA/I and IIP/I were found diminished in a statistically significant way, we could be all the more sure that a real decrease of the total second sound was present.
Our present observations have confirmed the small amplitude of the aortic component of the second sound, and also its correlation with the severity of the stenosis. A decrease of the pulmonic component was also documented. This decrease was comparable to that of the aortic component and was only slightly more marked in patients with more severe aortic stenosis than in those with mild stenosis. When pulmonary hypertesion was present, the pulmonic component had a lesser degree of reduction; however, as it should have increased if the pulmonary hypertension had not been accompanied by aortic stenosis9),10), this was a sign of relative decrease.
A possible, though non proven, explanation would be that the patients with aortic stenosis had a reduced cardiac output and that this fact was the cause of reduction of both the aortic and pulmonary components. However, out of 19 patients studied by catheterization, only four had a decrease of their cardiac index while the others had a normal output. Moreover, Stein et al.10) found that the large pulmonic component of patients with pulmonary hypertension fails to decrease with the onset of right ventricular failure if the left ventricle still strongly contracts. Thus, a different explanation should be Jpn. Heart J. July 1981 found.
The amplitude of the second heart sound has been demonstrated to be related to the rate of change of the diastolic pressure gradient across the closed aortic and pulmonary valves and to the rate of the ventricular isovolumic relaxation (as revealed by the depth of the trough of the dP/dt6),9),11)). In one of our cases where simultaneous pressure tracings of the two ventricles were recorded, the isovolumic relaxation of both ventricles was identical in all cycles (Fig. 2) . In four other patients, in whom the tracings were not simultaneous but were comparable having the same heart rate and the same film speed, the isovolumic relaxation was again identical in both ventricles. In all five patients, the isovolumic relaxation period was longer than in four normal subjects.
If we keep in mind that the strong and thick interventricular septum (demonstrated by echocardiographic and pathological studies- Fig. 3 ) is an integral part of both ventricles, it becomes obvious that a slower relaxation of this structure in aortic stenosis would prolong the rate of isovolumic relaxation of the right ventricle. Thus, the smaller pulmonic component would be caused by transmitted changes in function from the left to the right ventricle during early diastole. Such a dynamic influence of the left over the right ventricle is suggested by the following studies: 1) cauterization of the free right ventricular wall did not alter the blood flow into the pulmonary artery12); 2) aortic constriction increased intracavitary and intramuscular pressure of both sides of the interventricular septum while pulmonary artery constriction raised it only on the right side13),14); 3) clinical cases with pulmonary hypertension and right ventricular failure had a normal isovolumic relaxation of the right ventricle as a result of normal left ventricular relaxation10). These studies point out that the right ventricular pumping function is aided by an "in series left ventricle".14)
The characteristic left ventricular hypertrophy of aortic stenosis may be considered as the main cause of the prolonged phase of relaxation. Another factor that may be involved is septal calcification because extensive valvular calcification extending to the ventricular septum has been reported in 25% of 249 cases of aortic stenosis who underwent surgery15).
In conclusion, the amplitude of the pulmonic component of the second sound is partly related to the functional and anatomical situation of the right ventricle but is also affected by the changes in function of the left ventricle.
